Trypanosoma cruzi, a flagellated protozoan parasite, causes acute and chronic infections in mammalian hosts and is the agent of Chagas' disease. Various studies have shown that T. cruzi-infected mammals have altered immune responses, including suppression of both humoral and cellular responses (2, 7, 12) . Studies by Tarleton and Kuhn (15) and Reed et al. (11) showed that the addition of interleukin-2 (IL-2) to cultures of spleen cells from infected mice could restore antibody responsiveness to heterologous antigens. Additionally, Tarleton and Kuhn (15) showed that parasitespecific immune responses are suppressed during infection and can be enhanced by the addition of in vitro to cultures of spleen cells from infected mice. Injection of IL-2 into infected mice has also been shown to enhance parasitespecific responses in vivo as reflected by reduced parasitemia levels and increased longevity (1) . These data suggest that alteration in immune regulation in T. cruzi-infected mice, which results in suppression of humoral and cellular immune responses, is due to an inability of T-helper (Th) cells from infected mice to function normally. Cunningham and Kuhn (2) found that the suppression of immune responses in T. cruzi infections is mediated by a suppressor macrophage population. This was demonstrated by replacement of macrophages from spleen cells of infected mice with macrophages from normal spleens, which resulted in enhancement of previously suppressed direct plaque-forming cell (DPFC) responses (2) . These studies suggest that the site where macrophages mediate suppression in T. cruzi-infected mice is the Th-cell population.
In the present study, the ability of antigen-specific Th cells to restore immune responses when injected into infected animals or added in vitro to infected spleen cells was examined. The addition of antigen-specific Th cells to infected spleen cells in vitro or injection of antigen-specific Th cells into T. cruzi-infected animals has proven to be a successful manipulation for enhancing immune responsiveness. The restoration of antigen-specific DPFC responsiveness was evident on all days of infection tested except those days when the most intense suppression existed (i.e., 3 to 4 weeks postinfection). Therefore, under certain conditions suppressor macrophages could suppress immune responses even when primed Th cells were present.
MATERIALS AND METHODS
Mice. C57BL/6 female mice were obtained from Jackson Laboratories (Bar Harbor, Maine) at 4 to 6 weeks of age. The mice were provided food and water ad libitum Infection. Mice were given 104 blood-form trypomastigotes of the Brazil strain of T. cruzi (9) intraperitoneally in 0.1 ml of Dulbecco phosphate-buffered saline (DPBS). C57BL/6 mice given this dose of parasites develop an intense parasitemia that peaks at about 4 weeks of infection, with the greatest degree of immunosuppression observed at this time (6) .
Media. Modified Click medium (10) was used in the Mishell-Dutton culture system. Hanks balanced salt solution (GIBCO Laboratories, Grand Island, N.Y.) was used in the Jerne plaque assay. Modified Click medium was supplemented with 5 U of IL-2 (a gift of Hoffman-LaRoche Inc., Nutley, N.J.) per ml and used for maintenance of the Th cell lines.
TNP coating of SRBC and trypomastigotes. Trypomastigotes of T. cruzi were harvested from SVBLKH fibroblast cultures and washed three to five times in DPBS. The SVBLKH fibroblast cell line is a simian virus 40-transformed cell line derived from C57BL/6 mice. The trypomastigotes were then fixed in 1% Formalin in DPBS for 1 h at room temperature. After this incubation, the parasites were ANTIGEN-SPECIFIC T-HELPER CELLS IN CHAGAS' DISEASE washed five times in DPBS, counted, and adjusted to 2 x 108 to 4 x 108 trypomastigotes per ml. The trypomastigotes were reacted with 0.0135 M 2,4,6-trinitrobenzene sulfonic acid (TNP) in 0.28 M cacodylate buffer (10) in a foil-covered tube on a tumbler for 10 min. The TNP-coated T. cruzi (TNP-T. cruzi) were then washed five times in DPBS and stored at 4°C. SRBC were coated with TNP by the method of Mishell and Shiigi (10).
Th-cell lines. The Th-cell lines were derived from spleen cells from C57BL/6 mice that had been immunized intraperitoneally three times, at weekly intervals, with 0.1 ml of 10% SRBC or lQ5 heat-killed (2 h at 56°C) trypomastigotes derived from infected fibroblast cultures. Splenic leukocytes were isolated by mincing the spleen and osmotically lysing the erythrocytes. The spleen cells were separated into nonadherent and adherent fractions by using nylon wool columns (5 (Fig. 2c) . By day 28 (Fig. 2d) (Fig. 3) . The addition of T. cruzi-specific Th cells in vitro did not overcome suppression to SRBC antigen to a statistically significant level, (Fig. 7) . DISCUSSION Reduction of cellular and humoral immune responses during T. cruzi infection results in profound suppression that continues into the postacute stage of the disease. The mechanism that mediates this suppression is unknown, but the Th-cell population appears to be the target for suppression (1, 11, 15) . Existing evidence suggests that there is no depletion of T cells during infection (14) , but rather that crucial functions of T cells are modified as a result of infection. It has been suggested that the inability of the Th-cell population to respond immunologically is related to a deficiency in production of IL-2 during infection (1, 11, 15 (15) showed that infection with T. cruzi causes an early deficiency in the ability of spleen cells to produce IL-2 and that IL-2 production cannot be detected by 2 to 3 weeks of infection. Tarleton and Kuhn (15) and Reed et al. (11) showed that in vitro immune responses can be returned to nearly normal levels with the addition of exogenous IL-2. Choromanski and Kuhn (1) demonstrated that immune responses to SRBC and parasite-specific responses could be enhanced with in vivo administration of IL-2. In recent investigations, Tarleton (13) suggested that regulation of IL-2 production is mediated by suppressor cells that have the Thy 1+ Lyt 2+ phenotype; he theorized that T-suppres- Inhibition of immune responsiveness in T. cruzi-infected mice seems to result in a suboptimal environment for elimination of the parasite from the host. Macrophages provide intense suppressive mechanisms that can be circumvented with appropriate experimental manipulation (1, 11, 15) , such enhance responses, additional factors seem to be needed to up-regulate the immune system
